Background The incidence of venous thromboembolism (VTE) after bariatric surgery is uncertain. Methods Using the resources of the Rochester Epidemiology Project and the Mayo Bariatric Surgery Registry, we identified all residents of Olmsted County, Minnesota, with incident VTE after undergoing bariatric surgery from 1987 through 2005. Using the dates of bariatric surgery and VTE events, we determined the cumulative incidence of VTE after bariatric surgery by using the Kaplan-Meier estimator. Cox proportional hazards modeling was used to assess patient age, sex, weight, and body mass index as potential predictors of VTE after bariatric surgery. Results We identified 396 residents who underwent 402 bariatric operations. The most common operation was an open Roux-en-Y gastric bypass (n =228). Eight patients had VTE that developed within 6 months (7 within 1 month) after surgery; five events occurred after hospital discharge but within 1 month after bariatric surgery. The cumulative incidence of VTE at 7, 30, 90, and 180 days was 0.3, 1.9, 2.1, and 2.1 %, respectively (180-day 95 % confidence interval (CI), 0.7-3.6 %). Patient age was a predictor of postoperative VTE (hazard ratio, 1.89 per 10-year increase in age; 95 % CI, 1.01-3.55; P =0.05). Conclusions In our population-based study, bariatric surgery had a high risk of VTE, especially for older patients. Because most VTE events occurred after hospital discharge, a randomized controlled trial of extended outpatient thromboprophylaxis is warranted in patients undergoing open Roux-en-Y gastric bypass for medically complicated obesity.
Introduction
An estimated 171,000 bariatric operations were performed in the USA in 2005; this was ten times the number performed in 1994 [1] . Although the potential benefits of bariatric surgery are substantial, so are the risks. In a 2004 meta-analysis, the 30-day postoperative mortality rate was 0.1 % for purely restrictive procedures (gastric banding or gastroplasty), 0.5 % for gastric bypass, and 1.1 % for biliopancreatic diversion or duodenal switch [2] .
Venous thromboembolism (VTE), which includes deep vein thrombosis (DVT) and its complication, pulmonary embolism (PE), is a common cause of morbidity and mortality after bariatric surgery. The reported postoperative incidence of VTE, however, varies widely, from 0.2 to 1.3 % at 30 days [3, 4] to 0.42 % at 90 days [5] . The postoperative incidence of fatal PE is also uncertain. An autopsy study on ten patients who died after Roux-en-Y gastric bypass (RYGP) showed that three died of PE [6] . Reported risk factors for VTE after bariatric surgery include the type of operation performed (with a greater risk for open vs laparoscopic procedures and for RYGP vs adjustable gastric banding) [3, 4] , patient age greater than 50 years, postoperative anastomotic leak, history of smoking, and prior VTE [7] .
Residents of Olmsted County, Minnesota (2010 census population, 144,248), receive medical care from very few providers; most are seen at Mayo Clinic (with its two affiliated hospitals) or another group practice, Olmsted Medical Center (with its affiliated hospital). Rochester, the county seat, is geographically isolated from other urban centers and is home to Mayo Clinic, one of the world's largest private medical centers. Since 1907, every Mayo Clinic patient has been assigned a unique identifier, and all outpatient and inpatient information is contained within a unit medical record. The Rochester Epidemiology Project (REP), a medical records linkage system that also includes all non-Mayo providers of care to county residents [8] , facilitates population-based studies on diseases diagnosed and treated in Olmsted County. As of January 1, 2000, 80 % of Olmsted County residents were seen at least once by a REP provider within 1 year and 93 % within 3 years [9] . Because of complete case ascertainment, this resource has the unique ability to determine the natural history of diseases and avoid referral bias [8] .
To estimate the incidence of VTE after bariatric surgery, we analyzed a historical cohort of all Olmsted County residents undergoing bariatric surgery from 1987 through 2005. Our secondary goal was to identify risk factors for VTE after bariatric surgery.
Materials and Methods
This study was approved by the Mayo Clinic and Olmsted Medical Center institutional review boards. Patients under age 18 or those who refused research authorization were excluded from the study.
We performed a population-based, retrospective, cohort study of all Olmsted County residents undergoing bariatric surgery from January 1, 1987 [10] [11] [12] to identify all Olmsted County residents who experienced symptomatic, objectively diagnosed, and incident VTE from 1966 through 2005. Incident VTE events were distinguished from recurrent events. Determination of VTE was based on explicit criteria after review of complete, provider-linked medical records by trained nurse abstractors. Records were reviewed from the date first seen by a REP provider until death or last REP encounter. Variables abstracted included method of diagnosis, location at symptom onset, and event type (DVT, PE, DVT, and PE, or chronic thromboembolic pulmonary hypertension).
As previously described [13] , DVT was considered objectively diagnosed when acute symptoms and signs were present and confirmed using venography, compression venous duplex ultrasonography, impedance plethysmography, computed tomographic venography, magnetic resonance imaging, pathologic examination of thrombus removed at operation, or autopsy. PE was considered objectively diagnosed when acute symptoms and signs were present and confirmed using pulmonary angiography, ventilation and perfusion lung scan interpreted as high probability for PE, computed tomographic pulmonary angiography, magnetic resonance imaging, pathologic examination of thrombus removed at operation, or autopsy.
Trained nurse abstractors reviewed the Mayo Clinic medical records of the patient cohort. All operative reports were reviewed by a physician (D.A.F., P.R.D., or K.F.M.). None of the patients had more than one bariatric operation in a given year.
We next determined the time from bariatric surgery to incident VTE. We used the Kaplan-Meier product limit estimator with the Greenwood estimate of standard error to calculate the cumulative incidence of VTE events after bariatric surgery. Patients were censored at the date of their second bariatric surgery, death, last follow-up visit, or December 31, 2005, whichever came first. The Cox proportional hazards modeling was used to examine the association of demographic variables (patient age, sex, and calendar year of operation) and risk factors (patient weight, body mass index, and type of bariatric surgery) with incident VTE after bariatric surgery, both univariately and for the risk factors, after adjusting for age and sex. The proportional hazards assumption was examined for each variable by assessing the interaction of the variable and time to event on the log scale. We also used the Kaplan-Meier estimator (with the Greenwood standard error) to calculate the cumulative incidence of death after bariatric surgery. Statistical analyses were performed with SAS software (version 9.2, SAS Institute, Inc). P values of 0.05 or less were considered statistically significant.
Results
We identified 1,817 bariatric operations in the Bariatric Surgery Database; the majority of these patients resided outside of Olmsted County. We used the REP to verify Olmsted County residency for 434 bariatric operations. After reviewing 425 reports with the ICD-9 codes described above, we identified an additional four bariatric operations for our cohort. Twentysix potential research subjects (who had 28 bariatric operations) refused research authorization, which is their right under Minnesota law (Statute 144.335) [9] . Eight patients were excluded because of prior VTE. The final cohort comprised 396 Olmsted County residents who had undergone 402 bariatric operations during the 19-year study period.
The mean (SD) age at first bariatric surgery was 43.8 years (10.2) (range, 18-76 years); 323 (81.6 %) were women. The median weight at first bariatric surgery was 128 kg, and the median body mass index was 46.2 kg/m 2 . Most bariatric operations occurred after 2000 (n =294). The age-and sexadjusted incidence of bariatric surgery by calendar year is shown in Fig. 1 .
The most common bariatric operations were open RYGP (n =228 [57 %]) and laparoscopic RYGP (n =126 [31 %]). Other surgical procedures included laparoscopic biliopancreatic diversion with duodenal switch (n =8), open gastric banding (n =7), revision of bariatric surgery, usually from gastric banding to RYGP (n =30), and other bariatric operations (n =3).
Various strategies of thromboprophylaxis were used postoperatively. External pneumatic compression devices were commonly used (n =320 operations); within this group, subcutaneous unfractionated heparin was administered to 298 patients (93.1 %). Pharmacologic thromboprophylaxis included unfractionated heparin (5,000 units, administered subcutaneously twice daily; n =257), unfractionated heparin (5,000 units; administered subcutaneously three times daily; n =115); intravenous heparin (n = 9); warfarin (n = 3); and lowmolecular-weight heparin (n =2). Two patients had retrievable inferior vena cava filters placed on the day of bariatric surgery; both were subsequently removed 107 and 120 days after surgery. Thromboprophylaxis with heparin was administered only in the hospital.
During the study period, a total of 2,416 incident VTE events were documented in Olmsted County residents. Of these, nine incident VTE events occurred after the first bariatric surgery-eight within 6 months after surgery, seven within 1 month after surgery, and five after hospital discharge but within 1 month after bariatric surgery. One fatal pulmonary embolism was diagnosed at autopsy, 20 days after surgery. The median duration of postoperative hospitalization in these nine patients was 6 days. Characteristics of the nine patients with VTE events after bariatric surgery are shown in Table 1 .
The cumulative incidence of VTE after bariatric surgery was 0.3 % (95 % CI, 0-0.8 %) at 7 days; 1.9 % (95 % CI, 0.5-3.2 %) at 30 days; 2.1 % (95 % CI, 0.7-3.5 %) at 3 months; and 2.1 % (95 % CI, 0.7-3.6 %) at 6 months. The cumulative incidence of VTE events after bariatric surgery is shown in Fig. 2 (inset) . Patient age was associated with incident VTE after the first bariatric surgery (hazard ratio, 1.89 per 10-year increase in age; 95 % CI, 1.01-3.55; P =0.05). Patients were stratified by age (45 years or younger, 46 to 55 years, and 56 years and older), and the Kaplan-Meier estimate for VTE events was calculated (log-rank test, P =0.11) (Fig. 3) . Calendar year and sex were not associated with VTE (P =0.32 and P =0.33, respectively). After adjusting for age and sex, body mass index at surgery was not associated with VTE risk (P = 0.54). After adjusting for age and sex, a 10-lb increase in weight had a 7 % increase in the hazard ratio of incident VTE events, but this was not statistically significant (P = 0.14). After adjusting for age and sex, open surgery (RYGP and gastric banding) was not associated with incident VTE (hazard ratio, 1.22; P =0.79). Among the subset with either open RYGP or laparoscopic RYGP surgery, open RYGP surgery was not significantly associated with an increased risk of VTE compared with laparoscopic RYGP surgery (hazard ratio, 2.27; 95 % CI, 0.26-19.6; P =0.44). The cumulative mortality rate after first bariatric surgery was 0.3 % (95 % CI, 0-0.8 %) at 7 days; 1.3 % (95 % CI, 0.2-2.5 %) at 30 days; 1.3 % (95 % CI, 0.2-2.5 %) at 3 months; and 1.9 % (95 % CI, 0.5-3.2 %) at 6 months. Postoperative survival (1-mortality) is shown in Fig. 2 .
Discussion
In this retrospective, population-based cohort study on 396 Olmsted County residents undergoing 402 bariatric operations from 1987 through 2005, the most common operations were open RYGP (n =228 [56.7 %]) and laparoscopic RYGP (n = 126 [31.3 %]). Most patients received treatment with both external pneumatic compression devices and subcutaneous unfractionated heparin perioperatively and up until discharge for VTE prophylaxis. The incidence of VTE at 3 months after bariatric surgery was 2.1 %, and 5 of 9 (56 %) postoperative VTE occurred after hospital discharge and within 1 month postoperatively. Increasing patient age was a significant risk factor for postoperative VTE, with about a 2-fold increase in risk per 10-year increase in age. The cumulative mortality rate at 3 months after surgery was 1.3 %.
Perhaps the most interesting finding in our study was that most VTE occurred after hospital discharge. In a study on a large California database of 76 surgical procedures, 56 % of all VTE events that occurred within 3 months after elective or emergent surgery occurred after hospital discharge [14] . In the bariatric study by Winegar et al. [5] , 73 % of VTE events within 3 months after bariatric surgery occurred after discharge, most within 30 days postoperatively. Although extended prophylaxis after hospital discharge is practiced by some groups, no randomized controlled trials of this practice have been published for patients undergoing bariatric surgery.
Despite combined prophylaxis with unfractionated heparin and external pneumatic compression in most of our patients, 2.1 % of our cohort had VTE that develop within 3 months after bariatric surgery, suggesting that bariatric surgery is a procedure with a high risk of VTE, similar to total hip or knee arthroplasty. For comparison, a large study from 1998 reported on a 3-month cumulative incidence of VTE of 2.8 % after total hip arthroplasty and 2.1 % after total knee arthroplasty [15] . Winegar et al. [5] reported on a 3-month cumulative incidence of VTE of 0.55 % after RYGP; however, the majority of operations (92 %) were performed laparoscopically, and the risk of VTE events was 4.5 times greater with an open vs a laparoscopic procedure. In contrast, in the current study, most patients had open bariatric procedures.
Increasing age was a risk factor for postoperative VTE in our population, with a hazard ratio of 1.89 per 10-year increase in age. Similarly, in a study on 660 patients who underwent RYGP, age greater than 50 was associated with an increased risk for postoperative VTE (P =0.04) [7] . Older age was also associated with an increased risk of postoperative VTE in the study by Winegar et al. [5] , in which the most common bariatric operation was a RYGP.
The primary strength of our study is its population-based nature, with complete follow-up of patients in the community. We have identified several major weaknesses of this study. First, the small number of VTE events may have limited our ability to identify risk factors for postoperative VTE. Second, most patients in the cohort underwent open RYGP, which is associated with a greater postoperative VTE complication rate than laparoscopic RYGP [3, 4] . We note that most RYGP is now done laparoscopically at our institution and others. Third, because of the small number of patients who had a duodenal switch with biliopancreatic diversion or gastric banding, we were unable to comment on the postoperative VTE risk in these patients. Fourth, most of our patients received pharmacologic thromboprophylaxis with twice daily unfractionated heparin (5,000 units administered subcutaneously); current guidelines suggest a higher dose of heparin in patients undergoing bariatric surgery [16] .
In conclusion, bariatric surgery, particularly open RYGP, has a high risk of VTE for patients with medically complicated obesity. Increasing age is an additional risk factor for postoperative VTE in these patients. Importantly, most VTE events in our patients occurred after hospital discharge. Given the trend of shorter hospital stays for all surgery patients, a randomized controlled trial of extended thromboprophylaxis after hospital discharge is warranted for patients undergoing open RYGP.
